The botanical drug cannabis flos (inflorescence of Cannabis sativa L.) has a unique popular status as being a potent recreational drug and bona fide universal remedy (panacea). Generally, cannabinoids exert therapeutic effects in a broad range of pathophysiologies related to inflammation, pain, metabolic and stress-related conditions in preclinical animal models. However, the translation of such data to humans still lacks an evidence-based foundation. Motivated by the booming cannabis manufacturing industry and the increasing worldwide self-therapy by patients, there are cumulative accounts about broad therapeutic effects of cannabis and legal cannabinoids like cannabidiol (CBD) beyond statistical evidence. The numerous affirming anecdotal reports by patients pose a challenge to physicians and legal authorities. Moreover, the lack of standardization of cannabis products and widely missing randomized double-blind placebo-controlled clinical trials largely hinder the scientific assessment of medical cannabis in humans. Given the recent insight that the endocannabinoid system is mediating, at least in part, a placebo effect, psychoactive cannabis and cannabinoids could exert complex neuropharmacological actions. As discussed in this commentary, the meaning response may play a role in the broad palliative and therapeutic effects of medical cannabis unprecedented by other phytopharmaceuticals.
According to the World Health Organization (WHO), an estimated 60-80% of the world's population employ medicinal plants as primary medicines [1] . More than 25,000 plants are used in the context of traditional or alternative medicine [2] and phytotherapy still constitutes an integral commodity of the health systems in developing countries [3] . For the great majority of medicinal plants, the underlying molecular mechanisms of action remain unknown, thus holding a promise for drug discovery [4] . From an evolutionary point of view, most plant secondary metabolites might be weak nonspecific modulators of mammalian proteins via our diet and execute chronic health benefits [5] . Like most medicines, botanical drugs can trigger placebo effects and thus represent ancient symbols of a meaning response (vide in-Med Cannabis Cannabinoids 2018;1:60-64 DOI: 10.1159/000489291 fra), a term coined by Moerman and Jonas [6] . In Western medicine, a selected number of botanical drugs, primarily derived from the Dioscurides De Materia Medica, are listed in pharmacopoeias (e.g., Ph. Eur. or USP) [7] . Their use and health claims in Western medicine are subject to evidence-based medicine, thus requiring clinical prove of efficacy beyond the traditional anecdotal evidence [8] . Likewise, numerous medicinal plants and mixtures thereof are used as medicines in traditional Chinese medicine, which offers a complex dynamic system of alternative medicine [9] . Intriguingly, many patients who have access to Western medicine still favor botanical drugs because they are believed to have fewer side effects.
Psychoactive cannabis (Cannabis sativa L. and C. indica L.) was first mentioned as a herbal drug in the 1851 (3rd) edition of the US Pharmacopoeia (USP). Its ethnopharmacological use as a recreational drug originated in the Orient, from where it spread all over the world. Cannabis soon became very popular as a botanical drug in the West as general tonic with rather diffuse medical indications until it became an illegal drug in the 1930s [10] . Because of the profound psychedelic (i.e., recreational) nature of high doses of Δ 9 -tetrahydrocannabinol (THC), cannabis psychoactive chemovars containing high amounts of the THC acid precursor THCA were only marginally studied in a clinical context. In 1941, cannabis was removed from the USP and the National Formulary [10] . The revival of research on the medicinal properties of cannabis regained momentum after the discovery of the endocannabinoid system (ECS) in the 1990s [11] [12] [13] [14] [15] , peaking in the current worldwide campaign to legalize this plant and its psychoactive constituents for medical purposes.
With the exception of Papaver somniferum L. (opium), no other botanical drug is equally renowned as cannabis for being a highly potent and efficacious phytopharmaceutical. Unlike with other medicinal plants that have rather questionable efficacies and unknown mechanisms of action, nobody seems to doubt a priori the therapeutic effectiveness of cannabis. Accordingly, patients who use medical cannabis products have high expectations of beneficial effects (i.e., the plant is meaningful to them). Opium and psychoactive cannabis have been used since millennia and both plants constitute important pillars of contemporary pharmacotherapies as their constituents led to the discovery of endogenous opiates and the ECS, respectively. Rather intriguingly, both botanical drugs activate psychoneuroimmunological mechanisms that have been shown to mediate placebo analgesia [16, 17] . Thus, in addition to having more general tissue effects via opiate (µ, κ, δ) and cannabinoid receptors (CB1 and CB2), respectively, opium and psychoactive cannabis might pharmacologically induce/promote placebo analgesia. This might be mediated via OPMR1 (opium) and CB1 receptors (cannabis) in specific areas of the brain [18] [19] [20] . Data in humans using the CB1 receptor inverse agonist (antagonist) rimonabant suggest that placebo analgesic responses elicited by non-opioid pharmacological conditioning with NSAIDs are mediated by CB1 receptors [17] , though the corresponding synaptic circuits remain unknown. In monkeys, CB1 receptors are abundant in the basal ganglia, for example, in the striatum, areas shown to have a key role in the placebo response [21] .
The meaning response [6, 22] , an ethnomedically more accurate term for the placebo effect, is a phenomenon that underlies meaningful pharmacotherapeutic interventions and was first investigated in detail in the 1970s by Levine et al. [23] . The meaning response contributes to the overall therapeutic effects of virtually all medicines, in addition to their pharmacotherapeutic actions. A placebo is an agent that has no pharmacotherapeutic action but can still exert therapeutic effects. There is most likely not a single placebo effect, but many, with different underlying biochemical mechanisms across different pathophysiological conditions and therapeutic interventions. For instance, it was shown that the functional missense variant Pro129Thr (C385A polymorphism) of the human gene encoding fatty acid amide hydrolase (FAAH), the major degrading enzyme of the endocannabinoid anandamide, is associated with a diminished placebo analgesia [24] . The same FAAH polymorphism is associated with emotional-motivational reactivity, among other neurophysiological parameters [25] . In addition to showing that individuals homozygous for the common Pro129/Pro129 FAAH genotype (about half of the population) showed larger placebo analgesia and improved mood, the study could also link the opioid system with the ECS in the context of placebo analgesia. As well as the opioid system and ECS, discrete dopaminergic and serotonergic signalling networks and cholecystokinin have been implicated in mediating placebo analgesia [20] . The underlying meaning response is based on the anticipation of the patient to be healed, which triggers yet poorly understood neurobiochemical processes that counteract inflammatory processes and pain and impact mood. In the context of cannabis, the likelihood of triggering a meaning response is higher if many people believe in its effectiveness, such as in the case of cannabidiol (CBD) which is currently promoted as food additive and safe THC surrogate, despite insufficient toxicological and DOI: 10.1159/000489291 clinical data [26] . The learning framework associated with the meaning response includes social, verbal, and conditioning cues [27] . Moreover, there is increasing evidence of the existence of placebo responders and nonresponders, which suggests a biochemical or even genetic basis for this effect [20] . In evidence-based medicine, clinical endpoints in properly executed randomized controlled clinical trials need to show that the efficacy of a drug is superior to the meaning response. In this context, placebos are inert and do not cause any molecular effect. In certain therapeutic areas, for example pain management or neuropsychiatric disorders, the meaning response is substantial and medicines are often marginally superior over placebo [28] . Today, researchers believe that the meaning response has a molecular basis, imprinted by a genetic makeup, the placebome [16, 20, [29] [30] [31] . However, to pharmacologically induce a meaning response poses a philosophical problem because such an effect is no longer a pure placebo effect as it can be pharmacologically triggered. Despite a clear link between the ECS and the meaning response, no studies have so far addressed the potential induction/modulation of this mechanism by CB1 receptor agonists (cannabinoids).
By deconstructing the meaning response, expectation, anxiety, and reward all seem to be involved, as well as learning [32] . These neurophysiological processes are partly modulated by the ECS, possibly at different levels of synaptic transmission and plasticity. Given the ethical issues related to placebo research in humans, suitable animal models would be desirable to study the role of the ECS and impact of cannabis and cannabinoids on the meaning response. Nolan et al. [33] found that conditioned (placebo) responding in rats show three of the hallmarks of placebo-induced analgesia: strong inter-animal variability in the response, suppression by the opiate antagonist naloxone, and a positive predictive relationship between the unconditioned analgesic effect and the conditioned (placebo) effect. In a more recent rat model for placebo analgesia, cue preference was shown to be mediated by reward learning via the dopaminergic system, whereas the expression of placebo analgesia was mediated by both the dopaminergic and opioid systems [34] . Conditioned placebo effects are more often reported in rodents, but the dog may also provide a promising model species [35] . Thus, animal models could potentially be useful to assess the role of psychoactive cannabinoids in placebo analgesia and placebo immunomodulation. To date, both the opiate system and ECS have been shown to be essential components underlying the meaning response, but so far only in the context of pain. Intriguingly, placebo and nocebo effects appear to be associated with opposite responses of dopaminergic and endogenous opioid neurotransmission in a distributed network of regions [36] .
As recently pointed out by Casarett [37] , there is growing acceptance of medical cannabis as a legitimate therapy but this acceptance has been driven by placebo-controlled trials that are flawed by inadequate blinding. Placebo cannabis produced by solvent extraction is available and the extraction process seems to retain the terpenoids so that the placebo material smells similar to the cannabis verum. However, the psychoactive and vasoactive effects of cannabis pose a considerable challenge for effective blinding because study participants who sense such effects will surmise that they are not receiving a placebo. On the other hand, the smell of cannabis could induce a strong meaning response based on learning, given that the participants are usually not cannabis-naïve. Indeed, it was shown that placebo nonresponding Parkinson patients can be turned into responders through learning from real drug treatment [38] . In fact, classical conditioning is the learning mechanism most frequently invoked to explain the meaning response [39] . These issues bias studies to overestimate the effectiveness of medical cannabis. Nevertheless, there is compelling evidence for the effectiveness of cannabis in neuropathic pain, spasticity associated with multiple sclerosis, and anorexia in the setting of serious illness. The current best evidence of cannabis clinical efficacy, based on a state of the art systematic meta-analysis of randomized clinical trials, are spasticity associated with multiple sclerosis, chronic pain, nausea and vomiting caused by chemotherapy, as well as appetite stimulation in cancer or HIV patients [40] . Patients in Europe and the US employ cannabis products experimentally for a surprisingly wide range of diseases, including cancer [41] . The spectrum of applications reflects the popular perception of cannabis as being a universal remedy. Patient-reported outcomes show that individuals suffering from pain, anxiety, and depression are using cannabis as a substitute for prescription drugs, particularly narcotics/opioids, and independent of whether they identify themselves as medical or nonmedical users [42] . However, to date there is no clinical evidence for the efficacy of cannabis in anxiety and depression from randomized controlled studies. Because of the moderate efficacy over placebo, some authors conclude that the potential benefits of cannabis-based medicines (herbal cannabis, plant-derived or synthetic THC) in chronic neuropathic pain might be outweighed by their potential harms [43] . Importantly, the term cannabis is unprecise as it refers to distinctly different phytopharmaceuticals (chemovars, extractions, etc.) derived from one plant species, thus causing controversies in the clinical development [44] . Given the association of CB1 receptor activation and the meaning response in non-opioid placebo analgesia, it is intriguing to speculate that psychoactive cannabis and cannabinoids enhance the meaning response biochemically, which could have clinical implications for placebo nonresponders (e.g., those carrying the FAAH C385A polymorphism), an aspect that has not been taken into account so far. Few botanical drugs have such persistent popular claims of exerting positive therapeutic effects as cannabis/cannabinoids. One possible reason to explain this could relate to the palliation effects of cannabis that might reflect a strong meaning response, in addition to its general pharmacological actions. Already in the 1950s, Henry and Beecher [45] postulated that placebos could have clinically significant effects. However, at that time, nothing was known about the now emerging underlying biological mechanisms that are not only evolutionarily conserved but also closely related to the ethnomedical history of humankind [46, 47] . Typically, a placebo was inert and inactive per definition and drugs were not attributed any meaning response. As pointed out by Moerman [22] , the meaning response goes beyond clinical placebos, which convey the physicians' innermost feelings about medication and treatment; and the clinician can by her simple presence enhance the effectiveness of a medical procedure. In the case of psychoactive cannabis and cannabinoids, there could even be a molecular aspect to this. CB1 receptor activation might induce multiple effects, synergizing with CB2 receptor activation/modulation, a potentially protective mechanism in inflammatory conditions and modulation of the hypothalamic pituitary adrenal axis [48, 49] . Rather than being either a placebo or drug, cannabis might be a drug both conveying and inducing a meaning response. This may explain the rather broad palliative effects of cannabis that knowingly improve the quality of life of patients, but also the blurred boundaries between medical and recreational cannabis [50] . Beyond the aspired clinical endpoints upon cannabis treatment, the popularity of cannabis or cannabinoids as emerging panacea is likely unprecedented by any other herbal remedy. Nevertheless, future studies will have to address in more detail the contribution of placebo analgesia and possibly other physiological meaning responses in cannabis/cannabinoid treatment.
